I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Diabetes is one of the major noncommunicable diseases which have almost reached epidemic disease proportions. At present, including diagnosed and undiagnosed, it affects 4.2 billion people worldwide and the numbers are expected to reach 6.2 billion by 2040; the number of diabetes patients in India is estimated at 69.2 million.\[[@ref1]\]

A large community study conducted by the Indian Council of Medical Research reported the prevalence of diabetes and prediabetes in Tamil Nadu (diabetes: 10.4%, 4.8 million; prediabetes: 8.3%, 3.9 million), Maharashtra (diabetes: 8.4%, 6 million; prediabetes: 12.8%, 9.2 million), Jharkhand (diabetes: 5.3%, 0.96 million; prediabetes: 8.1%, 1.5 million), and Chandigarh (diabetes: 13.6%, 0.12 million; prediabetes: 14.6%, 0.13 million).\[[@ref2]\] The study revealed that diabetes has a startup age of 25--34 years in the country and decline age of 65 years, along with high prevalence in urban areas compared with rural areas in the country.

In India, the financial burden of health care is usually borne by individuals, with the government contributing only one-third of total health expense and out-of-pocket payments representing about 58% of total health spend in 2012.\[[@ref3]\] It has been speculated that by 2025, most diabetic people will be in 45--64 years age group in developing countries, so the income earning ability will be decreased by that age group and a greater economic burden will be posed on government funding.\[[@ref4]\] Hence, to strengthen the Indian health-care system, government has to plan serious health-care coverage by 2022 for the management of diabetes and its complications.

Recently, in an Indian study, 368 hospitalized diabetic patients who were divided into different groups based on the type of complications, the cost of treatment was analyzed. The average cost of hospitalization for diabetic patients with foot complications was 19,020 INR; for patients with the presence of two complications was 17,633 INR; for patients with chronic kidney disease was 12,690 INR; for patients with cardiovascular (CV) complications was 13,135 INR; for patients with retinal complications was 13,922 INR; and for patients without any complications was 4493 INR.\[[@ref5]\] Another Indian study with 556 diabetic patients reported median expenditure in 2005 as 8930 INR with range of 893--284,821 INR.\[[@ref6]\]
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The standard treatment strategy for diabetes management involves pharmacotherapy along with exercise and diet restructuring with the chief aim of hyperglycemia control and reduction in other comorbid factors, especially dyslipidemia, hypertension, hypercoagulability, and obesity.\[[@ref7][@ref8]\]

The American Diabetes Association (ADA) recommends metformin in combination with one or more oral antidiabetic agents for routine use to help patients maintain the blood sugar levels.\[[@ref9]\] The drugs for the management of Type 2 diabetes (T2D) include biguanides, sulfonylureas (SUs), alpha-glucosidase inhibitors, thiazolidinediones, and dipeptidyl peptidase-4 inhibitors (DPP4i). The mechanism of action of most of these drugs includes maintenance of normal glucose levels, increasing insulin release, decreasing insulin resistance, and controlling the intestinal absorption of glucose.\[[@ref10][@ref11]\] All these drugs are effective at the beginning, but the treatment effect declines with time and is ineffective in long term because the beta cell dysfunction progressively increases and this requires combination therapy and insulin.\[[@ref12]\] Common side effects associated with the use of conventional oral antidiabetic drugs (OADs) include hypoglycemia, weight gain, edema, and CV adverse effects.\[[@ref12][@ref13][@ref14]\] The sustained glycemic control over the period is not available with most of other antidiabetic agents which could be due to natural progression of disease, self-monitoring for glucose, and the administration by use of injections.\[[@ref12][@ref15]\] These Type 2 sodium glucose co-transporter (SGLT2) inhibitors act by inhibiting the reabsorption of glucose in kidneys, a mechanism which is independent of insulin pathway and therefore not affected by the decline in beta cell function, and are in the process of evaluation by many pharmaceutical research organizations.\[[@ref11][@ref16][@ref17]\]
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The mechanism of conventional antihyperglycemic agents focuses majorly on controlling glucose levels in blood by working on the insulin secretion, insulin resistance, beta cell functions, or carbohydrate metabolism. Drugs of the class SGLT2 inhibitors have a unique mechanism of action which is independent of the beta cell function and insulin resistance. Since these drugs do not depend on beta cell function and hence can be prescribed at any stage of diabetes. Apart from the basic function of antihyperglycemia, these drugs also work on the metabolic components of diabetes including hypertension, dyslipidemia, and obesity. This makes them the preferred drug in patients with these coexisting conditions.

In healthy human beings, the kidneys maintain the glucose homeostasis by gluconeogenesis and reabsorbing glucose from glomerular filtrate in blood circulation.\[[@ref18][@ref19]\] The entire blood volume is filtered by kidneys about 50 times/day for an average healthy adult with daily filtration rate of 160--180 g of glucose.\[[@ref20]\] This filtered glucose is absorbed back completely in the kidneys through its proximal tubules, thus making urine glucose free, and this is made possible by sodium-dependent transmembrane proteins\' family called SGLTs.\[[@ref21]\] The glucose reabsorption process involves two members of the SGLT family, namely, SGLT1 and SGLT2. SGLT1 is a low-capacity high-affinity transporter and is responsible for reabsorption of 10% of glucose, while SGLT2 is high-capacity low-affinity transporter and reabsorbs 90% of glucose.\[[@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29]\] However, in T2D mellitus (T2DM), due to upregulation of SGLT2 and SGLT1 co-transporter, more glucose reabsorption takes place in renal tubule of kidneys; this leads to the increase in T~max~ levels from normal level which is 350 mg/min up to 420 mg/min. This increase in T~max~ further resulted in increased renal threshold from 180 mg/dl up to 250 mg/dl.\[[@ref30]\] The SGLT2 inhibitor agents inhibit SGLT2 in kidney and thus leading to increase in urinary glucose excretion and reduction in blood glucose. In India, currently approved SGLT2 inhibitor compounds are canagliflozin, dapagliflozin, and empagliflozin.
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Canagliflozin was the first approved molecule from USFDA and has been evaluated in a number of studies for the clinical efficacy of antihyperglycemia. A recently published meta-analysis (*n* = 10) of canagliflozin in T2DM patients (*n* = 6701) reported significant absolute reductions in hemoglobin A1c (HbA1c) levels when used as monotherapy (weighted mean difference \[WMD\] - 1.08%, 95% confidence interval \[CI\]: −1.25 to −0.90, *P* \< 0.00001), as add-on treatment (WMD - 0.73%, 95% CI: −0.84 to −0.61, *P* \< 0.00001), and in comparison to other antihyperglycemic agents (WMD - 0.21%, 95% CI: −0.33 to −0.08, *P* = 0.001).\[[@ref31]\]

Dapagliflozin was the second molecule approved by FDA. In a report with results from two randomized controlled trials (RCTs) to compare dapagliflozin plus metformin, dapagliflozin alone, and metformin alone, the HbA1c reductions were −2.05 for dapagliflozin + metformin, −1.19 for dapagliflozin, and −1.35 for metformin (*P* \< 0.0001) (Study 1); −1.98 for dapagliflozin + metformin, −1.45 for dapagliflozin, and −1.44 for metformin (*P* \< 0.0001) (Study 2); and combination therapy was statistically superior to monotherapy in reduction of fasting plasma glucose (FPG) (*P* \< 0.0001 for both studies).\[[@ref32]\] In another 52-week trial, the T2DM patients received dapagliflozin (*n* = 406) or glipizide (*n* = 408) uptitrated over 18 weeks, the HbA1c reduction with dapagliflozin was similar to that with glipizide (−0.52%).\[[@ref33]\]

Empagliflozin has been recently approved by FDA for antidiabetic indication. In a meta-analysis of empagliflozin, the mean changes in HbA1c were −0.62% (95% CI: −0.68 to −0.57%) for empagliflozin 10 mg and −0.66% (95% CI: −0.76 to −0.57%) for empagliflozin 25 mg.\[[@ref34]\] In a Phase III trial, adjusted mean differences in change from baseline HbA1c at week 24 for empagliflozin 10 mg compared with placebo were −0.74% (95% CI: −0.88 to −0.59; *P* \< 0.0001), for empagliflozin 25 mg were −0.85% (−0.99 to −0.71; *P* \< 0.0001).\[[@ref35]\] In an RCT, the changes from baseline in HbA1c at week 90 for empagliflozin were −0.34 to −0.63% (−3.7 to −6.9 mmol/mol).\[[@ref36]\] Intercomparison of SGLT2 inhibitors is shown in [Figure 1](#F1){ref-type="fig"}.

![Sodium glucose co-transporter 2-inhibitors available and intercomparison](IJEM-23-140-g001){#F1}
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Effect on blood pressure {#sec2-1}
------------------------

Hypertension is a common comorbid condition in diabetes and vice versa. Diabetes and hypertension coexist in approximately 40%--60% of patients with T2DM.\[[@ref37]\] SGLT2 inhibitors show decline in systolic blood pressure (SBP) along with the antihyperglycemic effect. Hence, this class of drugs has the benefits of antihypertensives in addition to the basic action of antidiabetic.

Canagliflozin has been shown to reduce elevated blood pressure (BP) in number of recently published literature.\[[@ref38][@ref39][@ref40][@ref41][@ref42]\] When evaluated in a Phase III study, canagliflozin resulted in reductions of SBP by −1.4 mmHg with 100 mg and −3.9 mmHg with 300 mg dose.\[[@ref43]\] The antihypertensive effects of dapagliflozin were also documented in a number of studies.\[[@ref44][@ref45][@ref46][@ref47]\] In comparison to glipizide, this molecule has shown a SBP reduction by −3.9 mmHg (95% CI: −6.1, −1.7).\[[@ref48]\] When evaluated in another RCT, the drug produced SBP reductions by −3.3 mmHg (95% CI: −6.8, +0.2) at week 12.\[[@ref49]\] In a recent study with 252 diabetic patients, the dapagliflozin 10 mg dose reduced SBP and diastolic BP by −6.83 mmHg and −2.53 mmHg at week 1 and by −6.73 mmHg and −2.91 mmHg at week 2, respectively.\[[@ref50]\] The third and latest molecule from SGLT2 inhibitors class, empagliflozin has shown favorable effects on the BP.\[[@ref34][@ref51]\] After a 12-week treatment, the drug has shown reduction in SBP by 4--5 mmHg in a clinical study.\[[@ref52]\] Another study reported that after 24 weeks of treatment with 10 and 25 mg doses of empagliflozin, the placebo-corrected SBP reduction was 2--5 mmHg.\[[@ref17]\]

Effect on body weight {#sec2-2}
---------------------

Patients receiving SGLT2 inhibitors consistently experience weight reduction. Meta-analysis had shown that in comparison to other antidiabetic agents, SGLT2 inhibitors reduced the body weight with a mean difference of 1.8 kg (95% CI: −3.5, −0.1).\[[@ref53]\] As per European Medicines Agency assessment report, an approximately 2--3 kg reduction in body weight was noted in the majority of Phase III dapagliflozin studies.\[[@ref54]\] Early reduction of weight may represent fluid loss because of osmotic diuretic effect of these agents, whereas over consecutive weeks, increasing weight loss is most probably due to caloric loss as revealed by dual-energy X-ray absorptiometry. The glucose excreted in the urine as a result of SGLT2 inhibition equals to about 200--300 calories each day.\[[@ref55]\] Further 2--3 kg weight loss has been demonstrated in a 12-week trials of dapagliflozin,\[[@ref55]\] canagliflozin,\[[@ref56]\] and empagliflozin as well as in a 52-week trial of dapagliflozin when used as an add on to metformin therapy.\[[@ref57][@ref58]\] Long-term trials of up to 2 years with dapagliflozin as add on to metformin therapy and also with glipizide demonstrate sustained weight loss.\[[@ref55]\] Dapagliflozin has also demonstrated a significant reduction in waist circumference which would be consistent with fat mass reduction.\[[@ref55]\] For Phase III canagliflozin studies, change in body weight was seen consistent from baseline measurements in comparison to placebo-controlled groups.\[[@ref59]\] With empagliflozin monotherapy, the mean change in body weight after 24 weeks was lesser in comparison to mean change in body weight with empagliflozin plus metformin therapy as measured from baseline measurement (−1.9 kg for 10 mg group and −2.1 kg for 25 mg group; −2.1 kg for 10 mg group and −2.5 kg for 25 mg group, respectively).\[[@ref35]\] Further long-term clinical trials of SGLT2 inhibitors are required to fully understand the weight loss changes and to define their stability with body composition assessments. Small increases in high-density lipoprotein-cholesterol (HDL-C) (1.8%--4.4% dapagliflozin vs. 0.4% placebo) and small reductions in triglycerides (TGs) (--2.4% to --6.2% dapagliflozin vs. 2.1% placebo) are also possibly due to the weight reduction achieved with these compounds.\[[@ref60]\]

Effect on beta cell function {#sec2-3}
----------------------------

The primary pathophysiological component which contributes to hyperglycemia in T2DM is the decline in beta cell function which ultimately leads to reduction in insulin secretion and reduction in conversion of proinsulin to insulin. This decline in beta cell function contributes toward the progression of diabetes to a stage which would demand insulin regimens for the disease management. This situation arises when the beta cells are not improved with pharmacotherapy due to apoptosis of beta cell and the antihyperglycemics fail to achieve their goals. SGLT2 inhibitors have established their positive effects on beta cell function. Merovci *et al*. provided conclusive evidence that treatment with dapagliflozin improves ß-cell function in T2DM by correcting hyperglycemia since dapagliflozin primarily acts on kidneys with no direct action on ß-cell function.\[[@ref61]\] The study showed that during the oral glucose tolerance test, dapagliflozin significantly lowered FPG levels (by 33 mg/dL), 2-h plasma glucose (by 73 mg/dL), and mean plasma glucose levels (by 60 mg/dL) which resulted in more than two-fold increase in ß-cell function.\[[@ref61]\] Similar findings were also proved by the same group earlier in experimental studies with rodents.\[[@ref62]\] Moreover, previous studies have also shown that a 2-week treatment with dapagliflozin also leads to improvement in insulin sensitivity along with hyperglycemia. Therefore, these studies conclude that the glucotoxic effect of hyperglycemia on ß-cell function in T2DM is reversible.\[[@ref63]\]

Effect on lipid metabolism {#sec2-4}
--------------------------

The lipid metabolism is negatively impacted by diabetes and its associated comorbidities. This change in lipid metabolism further gives rise to CV disease (CVD) complications and other associated complications. Many of the antidiabetic drugs enhance this changed lipid metabolism function in body and further degrade it toward the negative end. SGLT2 inhibitors act toward improving the lipid metabolism of patients. SGLT2 inhibitor treatment is associated with small increases in low-density lipoprotein-cholesterol (LDL-C) and HDL-C. However, studies have shown that SGLT2 inhibitors significantly increased HDL-C levels with no significant change of TG and LDL-C levels.\[[@ref64][@ref65]\] Further, EMPA-REG OUTCOME trial\[[@ref66]\] demonstrated small increase in both LDLC and HDL-C. Long-term data of more than 2 years have shown that increase in LDL-C with dapagliflozin, canagliflozin, and empagliflozin was ∼5, 3, and 6 mg/dL, respectively. For HDL-C increase with dapagliflozin, canagliflozin, and empagliflozin was ∼1, 0.6, and 3.5 mg/dL, respectively.\[[@ref67][@ref68][@ref69]\] However, there is no change in LDL/HDL-C ratio. Further with 10 mg of dapagliflozin, percentage change in lipids from baseline at 24 weeks was shown in [Figure 2](#F2){ref-type="fig"} in comparison to placebo group.

![Change in lipids from baseline at 24 weeks](IJEM-23-140-g002){#F2}

Low incidence of hypoglycemia {#sec2-5}
-----------------------------

Hypoglycemia events were generally low with SGLT2 inhibitor treatment, except for those groups who receive SU or insulin as add-on therapy. Meta-analysis of dapagliflozin and canagliflozin trials concluded that hypoglycemic risk was similar to that of other agents.\[[@ref70]\] With dapagliflozin monotherapy, there was no major episodes of hypoglycemia but along with SU or insulin risk of hypoglycemic events were increased.\[[@ref71]\] Similar findings were seen with canagliflozin, with a low risk of hypoglycemia when canagliflozin taken as monotherapy, and an increased incidence of hypoglycemia when canagliflozin was used in combination with insulin or SU.\[[@ref72]\] This information suggests using lower dose of insulin or insulin secretagogue when used with both canagliflozin and dapagliflozin to reduce the risk of hypoglycemia.\[[@ref53][@ref73]\] Similarly with empagliflozin monotherapy, the rate of hypoglycemia was also low and was comparable to placebo.\[[@ref35]\] Empagliflozin along with metformin and SU, incidence of definite hypoglycemia was greater for empagliflozin versus placebo, but not any of these events required assistance.\[[@ref74]\] However, when empagliflozin was added to basal insulin, no increased risk of hypoglycemia was reported.\[[@ref75]\]

R[OLE IN]{.smallcaps} C[ARDIOVASCULAR]{.smallcaps} R[ISK]{.smallcaps} R[EDUCTION]{.smallcaps} {#sec1-6}
=============================================================================================

Several CV safety trials have been done so far with different classes of antidiabetic agents, but this is for the first time that this class of molecule has shown CV benefit in diabetic patients with established CVD.\[[@ref66][@ref76]\] There are several mechanisms such as intensive glycemic benefit, weight loss, reduction of BP, fluid loss, and reduction of serum uric acid that are responsible for the CV benefit with this class of molecules. Till now, this class has shown CV benefit only with established CV T2DM patient.\[[@ref66]\] Hence, what will be an effect in T2D patient at risk of developing CV event, some ongoing study will throw some light for this class.\[[@ref77][@ref78]\]
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Urinary tract infections (UTIs) {#sec2-6}
-------------------------------

It has been established that treatment with SGLT2 inhibitors leads to glycosuria along with decrease in blood glucose levels.\[[@ref79]\] Data suggest that glycosuria is one of the major risk factors for the occurrence of UTI events.\[[@ref80]\] Other possible confounding factors include history of recurrent UTIs, studies show that patients with a history of recurrent UTIs were experienced more UTI events during the SGLT2 inhibitors treatment.\[[@ref80]\] Therefore, further studies or trials were required to better understand the link between the glycosuria and these infections. Small increase in incidence of UTI has been documented in patients treated with 5 or 10 mg dapagliflozin similar tends is also there with Dapagliflozin in recently published trial Declare Timi.\[[@ref78][@ref81]\] The rate of clinical diagnosis of UTI is generally more common in women than in men, and mostly, events were mild to moderate in intensity which usually resolved with one course of standard antimicrobial treatment.\[[@ref81]\] There are hardly any studies which discontinue dapagliflozin treatment due to occurrence of UTI event which means that events were clinically manageable and with initial course of standard therapy, the rate of recurrence is minimal.\[[@ref81]\]

Mycotic infections {#sec2-7}
------------------

Genital infections such as vulvovaginitis and balantis are two well-known complications of T2DM.\[[@ref82]\] As discussed above, insufficient glycemic control results in glycosuria as well as hyperglycemia which are main culprits for increased incidence of these genital infections in diabetic population. Hyperglycemia interferes with host defense mechanism which is further linked to vulvovaginal candidiasis.\[[@ref83]\] Glycosuria is also known to be associated with increased incidence of candidal infection.\[[@ref84]\] Studies have shown that increased adherence of bacteria and yeast to uroepithelial and vaginal epithelial cells make the environment favorable for the growth of commensal organisms.\[[@ref4]\] Since SGLT2 inhibitors are known to induce glycosuria, the potential relation between glycosuria and genital infections raises the question on the safety issues of SGLT2 inhibitor treatment. However, studies have demonstrated that though SGLT2 inhibitor treatment was associated with genital infections in T2DM patients, the intensity of these infections was mild to moderate and was treated with standard antimicrobial agents. The infection rarely led to the discontinuation of the dapagliflozin therapy.

Euglycemic diabetic ketoacidosis {#sec2-8}
--------------------------------

Recently, FDA and European Medicines Evaluation Agency have raised warnings against SGLT2 inhibitors use as they may add to the risk of diabetic ketoacidosis (DKA) in both types of diabetes.\[[@ref85]\] Increased glycosuria with SGLT2 inhibitors leads to normalization of glycemia; thus in such patient, the presence of low serum insulin level leads to enhanced lipolysis that contributes toward production of ketones which possibly contribute to the development of DKA with normoglycemic state, so-called euglycemic DKA.\[[@ref86]\] Apart from single case reports of SGLT2 inhibitors linked DKA, 9 patients with 13 episodes of euglycemic DKA have been recently observed with normal levels of blood glucose.\[[@ref85]\] Further from March 2013 to May 2015, FDA identified 73 cases of ketoacidosis reported from FDA Adverse Event (AE) Reporting System database reported with the use of SGLT2 inhibitors (canagliflozin \[n = 48\], dapagliflozin \[n = 21\], and empagliflozin \[n = 4\]). Forty-four cases out of 73 reported no less than one diagnostic criteria indicative of ketoacidosis, which include high anion gap metabolic acidosis, ketonemia, or reduced serum bicarbonate. In 40 cases, blood glucose levels ranged from 90 to 1366 mg/dL (median 211 mg/dL) and two cases reported mild hyperglycemia. The median time between the initiation or increase in dose of SGLT2 inhibitor to the onset of any reported ketoacidosis was 43 days (range 1 day to 1 year). Concurrent events were also reported in majority of the cases (53/73) associated with ketoacidosis, the most common were dehydration, infection, and changes in insulin dose. However, no trend demonstrates the relationship between the dose of SGLT2 inhibitor and the risk of ketoacidosis. Further, possible risk factors identified in the 73 cases for developing ketoacidosis due to SGLT2 inhibitor includes infection, low carbohydrate diet or an overall reduction of caloric intake, reduction in dose or discontinuation of exogenous insulin, discontinuation of an oral insulin secretagogue, and alcohol use.\[[@ref87]\]

Bone mass density reduction {#sec2-9}
---------------------------

Both Type 1 diabetes and T2D are known to have impact on skeletal health of patients, the mechanism by which these two conditions impact on bone structures may be different.\[[@ref88]\] Patients with Type 1 diabetes exhibit lower bone mineral density, whereas patients with T2D exhibit higher bone mineral density than nondiabetics.\[[@ref89]\] Nevertheless, studies have shown that these patients are at higher risk of osteoporotic fracture\[[@ref90]\] because of additional factors that alter bone quality and may add to the greater fracture risk, especially in T2D.\[[@ref91]\] Various factors that add on to the higher risk of fractures with diabetes include increased number of risk of falls,\[[@ref92]\] faster bone density loss,\[[@ref93]\] metabolic changes,\[[@ref94]\] oxidative stress,\[[@ref95]\] and direct effect of antihyperglycemic medications. SGLT2 inhibitors which were approved for the treatment of T2D have limited data on effect of bony structure. Studies have demonstrated that dapagliflozin did not mark any significant change in bone mineral density both in men and women (post menopause) with T2D.\[[@ref96]\] However, a recent study has also shown that large section of T2D patients of moderate renal failure (estimated glomerular filtration rate (eGFR) -- 30--60 ml/min per 1.73 m^2^) experienced fractures while on dapagliflozin (13 fractures in 168 patients) versus placebo (0 fracture in 84 patients) in 104 weeks. Currently in India dapagliflozin is licensed to used up to eGFR 45 ml/min per 1.73 m^2^ and above.\[[@ref50][@ref97]\] Further, pooled analyses of clinical trials have observed more frequency of upper limb fractures with canagliflozin use as compared with placebo.\[[@ref98]\] During early course of therapy, orthostatic hypotension and dehydration were linked with SGLT2 inhibitors, which possibly resulted in increase in falls in elderly patients.\[[@ref99]\] However, long-term effect of SGLT2 inhibitors on skeletal structure still needs further assessment.\[[@ref100]\]

Hypovolemia {#sec2-10}
-----------

In Phase III studies of SGLT2 inhibitors, small increase in Hb and hematocrit was constantly seen. Small reduction in fluid volume, approximately 400 ml of water loss, was reported due to osmotic diuresis by SGLT2 inhibitors.\[[@ref30]\] In addition to this, small increase in reticulocyte count, erythropoietin, and red cell mass was also reported in a 12-week study with dapagliflozin,\[[@ref49]\] suggesting that changes in hematopoiesis due to SGLT2 inhibitors may contribute to changes in Hb and hematocrit.

Electrolyte imbalance {#sec2-11}
---------------------

Dapagliflozin does not cause any change in mean concentration of serum sodium, potassium, bicarbonate, calcium, or chloride ions at week 24 and up to 102 weeks as seen from baseline levels. However, there was small change seen in the levels of mean serum inorganic phosphorus levels from baseline measure.\[[@ref68]\] Use of SGLT2 inhibitor is associated with decreases in levels of serum uric acid.\[[@ref101]\] Hyperuricemia is known to be associated with an increased risk of gout, kidney stones, and CVD.

F[UTURE OF]{.smallcaps} S[ODIUM]{.smallcaps} G[LUCOSE]{.smallcaps} C[O-TRANSPORTER]{.smallcaps} 2 I[NHIBITORS]{.smallcaps} {#sec1-8}
==========================================================================================================================

As the pathogenesis of T2DM is multifaceted and involves several metabolic defects, the use of combination therapies with agents having different mechanisms of action has the potential to cause additional benefits.\[[@ref11]\] In addition, combination therapies may possess the potential to counter the undesirable effects produced by the individual agents.

Combination of sodium glucose co-transporter2 inhibitors and gliptins {#sec2-12}
---------------------------------------------------------------------

In T2DM, many pathophysiological defects cannot be corrected by any of single group of antidiabetic agent. Therefore, sometimes, combination of antidiabetic agents is required to manage the pathophysiological condition over time. A number of studies found combination of SGLT2 inhibitors plus DPP4i to be an effective approach to treat hyperglycemia in T2DM. Recently, studies have shown that glycosuria caused by SGLT2 inhibitors is associated with an increase in the rate of hepatic endogenous glucose production (EGP) which may compensate its glucose lowering potential by \~50%.\[[@ref63][@ref102]\] While SGLT2 inhibitors have been associated with increase in glucagon, decrease in insulin, and increase in EGP, DPP4i acts exactly opposite to SGLT2 inhibitors; it lowers glucagon, increases insulin, and lowers EGP. DPP4i is an OAD agent that has no effect on weight, bone-lipid-friendly and has well-known cardiac safety with minimal hypoglycemic potential. Further, combination therapy of SGLT2 inhibitors and DPP4i reduced HbA1c significantly better than the either therapy alone and also without inducing further hypoglycemia. In addition, significantly higher fraction of patients attained target HbA1c \<7% with combination therapy as compared to either therapy alone. Although weight loss was also significant with combination therapy compared to DPP4i, no significant difference was noted versus SGLT2 inhibitors therapy. In case of BP measurement, no significant difference was noted compared to SGLT2 inhibitors. Furthermore, few studies also reported decreased rate of genitourinary infections with combination therapy as compared to SGLT2 inhibitors alone. Therefore, combination of SGLT2 inhibitors plus DPP4i, with or without background metformin therapy, is a safe and effective option to treat T2DM. Besides, numerous studies with DPP4i and SGLT2 inhibitors are also presently undergoing, which can further explicate our understanding of combining incretin-based therapies to SGLT2 inhibitors.

C[URRENT]{.smallcaps} C[LINICAL]{.smallcaps} P[RACTICE]{.smallcaps} R[ECOMMENDATIONS]{.smallcaps} {#sec1-9}
=================================================================================================

Considering all risks and benefits of this class of agents, one of the most of the important guidelines such as ADA has placed this class as one of the 1^st^ line agent as an add on to metformin along with other recommended antidiabetic agents.\[[@ref103]\] Another important guideline, American Association of Clinical Endocrinology has placed SGLT2 inhibitor after metformin but ahead of all other oral antidiabetic agents in T2D management algorithm within 3 years of launching of this class globally.\[[@ref4]\]

C[ONCLUSION]{.smallcaps} {#sec1-10}
========================

The introduction of SGLT2 inhibitors has set an example in diabetes management. SGLT2 inhibitors are the class of drugs which act with a mechanism different from that of traditional antidiabetics. Glycosuria, previously considered a symptom of poor glycemic control, is nowadays being used to lower blood glucose levels. Increased glycosuria with use of SGLT2 inhibitors improves glycemia and results in caloric loss and modest weight loss, small decline in BP, a low occurrence of hypoglycemia and improved beta cell functions in diabetic patients. Thus, SGLT2 inhibitor acts like a polypill. Further weight loss is a unique and important characteristic of these compounds and by the end of the treatment period, weight loss up to 3 kg can be achieved by SGLT2 inhibitors. An additional observation with SGLT2 inhibitors is the diuretic effect. Urinary losses include mainly glucose and very small amount of sodium but that will not cause any electrolyte imbalance. This surely provides the root for the antihypertensive effect seen with SGLT2 inhibitors and is most likely accountable for the good CV profile reported for this class. Studies have shown the CV benefits with SGLT2 inhibitors in CV benefit trials, but still this will require further authentication with long-term trials. SGLT2 inhibitors were found to be useful antihyperglycemic drugs, either alone or in combination with other oral agents and insulin, not associated with hypoglycemia. The SGLT2 inhibitors are generally well tolerated. However, these drugs had some concerns regarding the increase in number, serious side effects such as acute kidney injury and euglycemic DKA as reported in USFDA adverse effect reporting system.\[[@ref104][@ref105]\] Genital (mycotic) tract infections is one of the most common AE seen with these drugs. Usually not severe and easily treated, they should not be a reason for treatment discontinuation. Hence, considering all these benefits of this class, which is beyond glycemic control, this class of antidiabetic agent is becoming popular in day-to-day clinical practice as monotherapy or add on to other antidiabetic agents.
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